Abstract: Four taxa of the genus Pilaira, P. anomala, P. moreaui var. caucasica comb. nov., P. praeampla sp. nov., and P. subangularis sp. nov., were newly recorded from four different provinces of China. Descriptions, Latin diagnoses, and line drawings are provided for the four Chinese taxa. A tentative key to all recognizable taxa of the genus is also provided.
Introduction
Pilaira Tiegh. (1875) is one of the three closely related small genera comprising the family Pilobolaceae of the order Mucorales. Like Pilobolus Tode (1784): Fr. and Utharomyces Boedijn (1959) , all members of Pilaira are coprophilous and possess hemispherical and cutinized sporangia. However, Pilobolus has both subsporangial swellings and trophocysts, and the sporangia are forcibly shot away when mature; Utharomyces has also subsporangial swellings and trophocysts, but the sporangia are not violently discharged; whilst in Pilaira, neither subsporangial swellings nor trophocysts are formed, and the sporangia are not actively discharged. More distinctions among the three genera were summarized in detail by Alexopoulos et al. (1996) . Since Pilaira and Pilobolus are so similar in their growth habitat and morphology, Fitzpatrick (1930) doubted that Pilaira may only represent abnormal material of Pilobolus. In order to support the validity of Pilaira, Anderson (1933) isolated Pilaira anomala (Ces.) J.Schröt. and Pilobolus crystallinus Tode from rabbit dung and proved them to be distinct through carefully designed experiments. Curiously, species had a very similar range of maximum growth temperature [(29-) 30-33°C] ( Table 2 ). This may reflect the close affinity of these taxa to each other. On the other hand, the number of strains is too small to assess the exact range for each taxon. Since the results obtained are not distinctive enough to differentiate taxa, the maximum growth temperature was not used in this study.
Mating experiments
The same 21 living cultures mentioned above were crossed in all combinations for zygospore formation, all with negative results except NRRL 2526(+) × NRRL 2527(-). Gametangia were found abundantly in crossing between NRRL A-5067(+) × NRRL soil under Poyanghu, Jiangxi = AS 3.6638(T) cow dung P. subangularis Pi-3 dung of plateau Hongyagou, Qinghai = AS 3.6637(T) pika 2527(-), but scarcely between NRRL 2526(+) × NRRL A-16356(-), NRRL 2526(+) × NRRL A-23912(-) , and NRRL A-16347(+) × NRRL 2527(-). All these strains belong to P. anomala, for which only the mating types of NRRL 2526(+) and NRRL 2527(-) were known when received. According to gametangial formation, the mating types of the other strains could be inferred. Ling (1926) was the first author who provided a key for dividing the species in Pilaira. Morphological features used in his key included only the shape and length of the sporangiospores, and whether the sporangiophores are ramified or not. Grove (1934) Zycha (1935) , and Zycha et al. (1969) accepted this key. Naumov (1939) added the diameter of sporangia and the color of sporangiospores to his key. In our study, besides the characteristics just mentioned, we found the width, septation, and shape (straight, curved, undulate, or geniculate) of sporangiophores, with or without swellings, the height of the sporangia, size, shape and color of the columellae, with or without a papilla, presence or absence and distinctness of the collar, angulation of the sporangiospores to be useful morphological features for distinguishing Pilaira taxa. Although the height of the sporangiophores may be affected by environmental conditions, the range of height in each taxon is rather stable, when measured for cultures grown on the same medium and under the same temperature and light conditions.
Morphological studies

Taxonomy
Eight strains isolated from samples collected in China were studied and identified as P. anomala (Pi-2), P. moreaui var. caucasica Table 1 ).
REMARKS: P. anomala is a common species in the genus. However, in China only one isolate has been found. This isolate agrees well with the foreign strains provided by NRRL in morphology, but did not react with any of them in mating experiments.
Inclusion of P. saccardiana Morini (1905) as one of the synonyms of this species by Zycha (1935) and Anonymous (2004) is not followed here. The diagnosis of P. saccardiana clearly indicated that the sporangiophores are simple or branched, rarely emerging from a rudimentary trophocyst, the columellae are short-conical and deep violet in color, and that the sporangiospores are hyaline but with a pallid violaceous membrane. Branching sporangiophores or trophocysts have never been reported in P. anomala or any other taxon, columellae are mostly applanate and never deep violet in color, and a pallid violaceous membrane of the sporangiospores is always absent in P. anomala. The two names could not apply to the same species.
In Index Fungorum (Anonymous 2004), the names Pilaira mucedo Bref. and Pilobolus mucedo Bref. were cited respectively in the species lists of the genera of Pilaira and Pilobolus without indicating the years of publication. A search in the literature reveals that Pilaira mucedo Bref. has never been reported, but Pilobolus mucedo Bref. was reported in Botanische Untersuchungen über Schimmelpilze, Vol. 1: 27, 1872. Saccardo (1888), Grove (1934), and Mil'ko (1970) considered Pilobolus mucedo synonymous with Pilaira anomala. The diagnosis of Pilobolus mucedo Bref. (Brefeld, 1872) is extremely short and meaningless, and no type material is available for study; it is hard to affirm whether it is the same fungus as P. anomala.
In Pilaira, a zygosporic state has been reported from P. anomala only. Van Tieghem (1875) was perhaps the first author who discovered, described, and drew zygospores of P. anomala. The diameter of the zygosporangia (as 'zygospores') was described as 100-120 µm, but the size of the suspensors was not mentioned. In this study, a zygosporic state was also found in P. anomala only, the range of zygosporangial diameter was found to be much larger than given by van Tieghem. True zygospores and suspensors are described here for the first time. COLONIES on PDA floccose, filling the Petri dish in 7-8 days at 18°C, grayish white, reverse grayish yellow, 10-15 mm high. ODOR none. HYPHAE branching, nonseptate when young, septate in age, aerial hyphae (3-)5-7(-14) µm, submerged hyphae (5.5-)14-18.5(-32) µm wide. STOLONS absent. RHIZOIDS absent. SPORANGIOPHORES arising from submerged mycelia, simple, (10-)20-30 mm high, (14-)30-60(-85) µm wide, subequal in width throughout, sometimes swollen at places, slightly, or not attenuated in the uppermost part, nonseptate, hyaline to pale brownish, terminating in a sporangium. SUBSPORANGIAL SWELLINGS absent. TROPHOCYSTS absent. SPORANGIA hemispherical, upper part dark, thick, and cutinized, below hyaline, thin and gelatinous, when mature greatly distended and disappearing, (23-)47-120 µm high, (47-)95-235 (-295) µm diam., not forcibly discharged when mature. COLUMELLAE mostly applanate, rarely roundish conical, (17-)35-60(-100) × (35-)70-117(-260) µm, upper portion orange to brownish orange, lower portion deep orange or brown, usually without collar, sometimes with a small collar. APOPHYSES present. SPORANGIOSPORES ellipsoid to oblong-ovoid, (7-)9-14(-16) × (4.5-)5.5-7(-8) µm, not becoming irregular in shape at 28-30°C, subhyaline to yellowish. ZYGOSPORES unknown, probably heterothallic. Fig. 2 COLONIAE in PDA in 18°C floccosae, 15-18 mm altae, primum albae deinde sordide albae. HYPHAE aeriae (5-)8-11.5(-15.5) µm, submersae (5.5-)11-16(-23) µm latae. STOLONES absentes. RHIZOIDEA absentia. SPORANGIOPHORA ex hyphis submersis enata, simplicia, 6-12(-18) mm alta, (12-)23-95 (-220) µm lata, pluries subito inflata, vetusta 1-3(-5)-septata, hyalina ad dilute aurantiaca vel brunneoloaurantiaca. INTUMESCENTIAE SUBSPORANGIALES absentes. TROPHOCYSTES absentes. SPORANGIA hemisphaerica, parte superiore nigra et cutinisata, parte inferiore hyalina et gelatinosa, (24-)95-245 µm alta, (35-)130-325 µm diam., matura non ejicientia. COLUMELLAE rotundo-conicae ad breviter ellipsoideae, 64-165 × 123-200 µm, interdum globosae ad subglobosae, 65-180 µm diam., raro applanatae in minoribus et 17-72 × 23-130 µm, dilute vel intense aurantiacae ad brunneolo-aurantiacae, plerumque collari distincto praeditae. APOPHYSES conspicuae. SPORANGIOSPORAE ovoideae ad ellipsoideo-ovoideae, 7-10.5(-15) × 5.5-7 µm 18°C, 28-30°C irregulares, ad 60 × 25 µm. ZYGOSPORAE ignotae, verosimile heterothallicae.
Pilaira moreaui
ETYMOLOGY: praeampla; referring to the very wide sporangiophores.
COLONIES on PDA floccose, filling the Petri dish in 7-8 days at 18°C, dirty white in the upper portion, Apricot yellow in the lower portion and reverse, 15-18 mm high. ODOR none. HYPHAE branching, nonseptate when young, septate in age, aerial hyphae (5-)8-11.5(-15.5) µm, submerged hyphae (5.5-)11-16(-23) µm wide. STOLONS absent. RHIZOIDS absent. SPORANGIOPHORES arising from submerged mycelia, simple, 6-12(-18) mm high, soon collapsing, (12-)23-95(-220) µm wide, equal in width throughout but tapering at the uppermost portion and then constricted just beneath the sporangium, often suddenly swollen, straight, or often curved to undulate, rarely geniculate, nonseptate when young, 1-3(-5)-septate in age, hyaline to light orange or brownish orange, terminating in a sporangium. SUBSPORANGIAL SWELLINGS absent. TROPHOCYSTS absent. SPORANGIA hemispherical, upper part dark, thick, cutinized, and not deliquescing, below hyaline, thin, gelatinous, at maturity greatly distended and disappearing, (24-)95-245 µm high, (35-) 35-60(-80) µm, subhyaline or pale brown to pale orange, usually without collar. APOPHYSES distinct, deep violet-brown or deep brown, granulate. SPORANGIOSPORES globose to subglobose and 5-6(-8) µm diam., short-ovoid and 5.5-8 × 5-7 µm, mostly *The key includes 8 taxa, only five of them (P. anomala, P. moreaui var. moreaui, P. moreaui var. caucasica, P. praeampla, and P. subangularis) have been studied, the other three (P. dimidiata, P. nigrescens and P. saccardiana) were not available for study, characteristics for their differentiation were adopted from the original, usually very short diagnoses. This key is therefore only tentative.
